Stability of the total phenolic content, ascorbic acid, total carotenoids and antioxidant activity in eight fruit beverages was analyzed. The influence of storage temperature (4, 8 and 11°C) during the product shelf-life (20 days) was evaluated.
Introduction
Fruits and derived products such as fruit juices are a significant source of many biologically active antioxidant compounds, such as ascorbic acid, tocopherols, carotenoids, and polyphenols (Cilla et al., 2011) . These antioxidants found in fruit juices such as pomegranate, apple, orange, guava, peach, and other mixed fruits are thought to contribute towards positive health outcomes in cases of cardiovascular disease, cancer, and age-related degeneration, reason why their consumption in the last years increased at very quick rates (van Poppel and Goldbohm, 1995; Rao and Agarwal, 2000; De Mello-Andrade and Fasolo, 2014) .
In this sense, beverage companies are currently making many efforts to formulate juices, which contain bioactive compounds from different fruits and offer valueadded products for the consumer (Siró et al., 2008) . Nevertheless, usually these products are consumed over a short period set by the manufacturer (expiration date, also called shelf-life). During this time the product maintains the physicochemical characteristics that make it suitable for human consumption; however, currently this criterion does not include the antioxidant properties and how are they affected by one of the principal parameters in the market: the storage (Calderon-Hidalgo, 2007) .
Although the activity of antioxidants has been widely studied, the knowledge on the stability of antioxidants is very important in food preservation. More investigation still needed about the effects of storage conditions on the bioactive compounds from different fruits beverages in order to get the optimal conditions of storage, especially for commercial juices, which usually have short-term storage (5-10 days) depending on the industrial processing in the case juices preserversfree (Nicoli et al., 1999) . Actually, few studies have addressed the evaluation of changes in the overall antioxidant properties and concentration of bioactive compounds of fruit beverages as affected by storage conditions (Del Caro et al., 2004; Piljac-Zegarac et al., 2009; La Cava and Sgroppo, 2015) . Research on antioxidant changes in the food production chain is limited. Consumers show decreasing trust in chemical additives and strongly prefer foods that contain natural antioxidants. Maintaining these compounds during food processing is complicated, as food requires depth investigation about the interactions of these compounds and all other components present in the food and the factors related to the oxidation process (Smith and Charter, 2010) . Expanding knowledge in this area should lead to improvements in technological processing methods to produce high-quality food with effective biological activity. In this sense, we hypothesize that storage conditions have strong effects on the bioactive compounds present on fruit beverages.
With the above facts in view, the aim of this study was to determine the effect of storage temperature (4, 8, and 11°C) in the content of bioactive compounds such as polyphenols, ascorbic acid, total carotenoids, and total antioxidant activity in eight fruit beverage during a period of 20 days.
Materials and methods

Chemicals substances and standards
Specialized reagents as 2,2-Diphenyl-1-picryl-hydrazyl (DPPH • ), Folin-Ciocalteu, ethanol, methanol, sodium carbonate, ferric chloride, potassium persulfate, trichloroacetic acid, amberlite XAD-16, acetonitrile, gallic acid, L-ascorbic acid, and others standards were purchased from Sigma Aldrich (Toluca, Mexico) with high purity or UPLC grade, as appropriate.
Beverages samples
Eight samples namely Vital Joy, Energy-T, Tamarind water, Lemon water, Coconut water, Lemonade, Splash Blend, and Pomegranate juice were manufactured and provided by Food Solutions Company as an innovative commercial project and provide for this study. The composition of these beverages is shown in Table 1 . The general description of the manufacturing process was as follows: the concentrates, and pulps of different fruits and vegetables were mixed to regulate the variations of sugar and acids contained in the matrix and obtain a final homogeneous formulation. After mixing, a heat treatment was applied by HTST pasteurization (95°C for 15 s). The product was taken to the cooling area to reduce its temperature and facilitate handling. Finally, the beverages were packed under aseptic conditions in air-tight polyethylene terephthalate bottles, which were labeled and placed on pallets. To determine the effect of storage conditions and carry out the corresponding analysis, the samples were stored at 3 different 
Purification and determination of total phenols
Phenols purification was carried out by column chromatography using Amberlite XAD-16 as stationary phase and absolute ethanol as the mobile phase from the corresponding sample. For purification, 20 mL of juice were added and deposited into a column containing Amberlite XAD-16, washed with water and after with ethanol to elute phenolic compounds.
Total phenol content (TPC) was determined by the Folin-Ciocalteu's Reagent method according to a described procedure 
Purification and determination of total carotenoids
To 0.5 mL of each sample were added 25 mL of a solution composed of acetone:
hexane: ethanol in a ratio of 1:2:1, respectively. In addition, it contained 0.1% of ascorbic acid to prevent oxidation of carotenoids. The mixture was incubated for 30 minutes at 37°C according to the methodology previously reported (Herrero et al., 2012) . Then the mixture was centrifuged at 10,000 rpm for 5 minutes at 4°C. The concentration of total carotenoids was recorded at 450 nm using hexane as blank and the results were reported as the average of three replicates and expressed as microequivalents per milliliter of β-carotene (βCE μg mL −1 ) according to the calibration curve prepared with the same standard.
Determination of ascorbic acid
The method for extracting and quantifying ascorbic acid used in this study is based on an adaptation (Klimczak and Gliszczynska-Swiglo, 2015) . The samples were filtered through 0.2 μm membranes to remove impurities and placed into vials of 1.5 mL for UPLC analysis. Vitamin C detection of each sample was performed on a UPLC ACQUITY (WATERS) with a column ACQUITY UPLC BEH C18 1.7
Article No~e00152 μm, using as mobile phase a mixture of 25 mM phosphate buffer (pH 3.2) and acetonitrile as a gradient. The conditions tests were: injection flow 0.33 μL min-1 for 2.9 minutes to a PDA detector wavelength of 210 and 245 nm. Results were reported as the average of three repetitions and expressed as micrograms of ascorbic acid per milliliter (AA μg mL −1 ) according to the calibration curve prepared with the same standard.
Radical scavenging
Free radical-scavenging capacity was determined using the radical DPPH
• according to a methodology previously described (Brand-Williams et al., 1995) .
Briefly, to 50 mL of properly diluted sample (1: 5 v/v) were added 2950 μL of the solution DPPH
• radical, which was prepared in methanol at 60 mM. After a period of incubation in the dark for 30 minutes, the absorbance of the samples was recorded at a wavelength of 517 nm. The ability to inhibit was calculated by the following equation (1) and expressed as percent inhibition of DPPH • radical:
Finally, the results were reported as the average of three replications and reported as gallic acid equivalent expressed in micrograms per milliliter of sample (GAE μg mL
) according to the calibration curve prepared with the same standard.
Statistical analysis
All data are presented as mean ± standard deviation (SD) of triplicate analyses of each sample. Data were analyzed by ANOVA and Tukey's multiple comparison test using the Info-Stat Statistical Software (Cordoba-Argentina, 2009). A probability of 5% or less was accepted as statistically significant. (Deng et al., 2014) . While, the richest in these compounds was the Pomegranate juice, which contained 3874.42 ± 14.5 GAE μg mL −1 (20 days at 8°C), and then the Energy-T, Splash Blend, and Vital Joy juices: 657.72 ± 6.29 (20 days at 8°C), 426.28 ± 17.67 (8 days at 11°C), and 181.78 ± 16.20 GAE μg mL −1 (20 days at 8°C ), respectively. These juices also exhibited higher mean TPC in comparison to 17 fruit juice and skim milk mixture beverages (608.5 GAE mg L −1 ) and eight pomegranate juices (1055-1280 GAE μg mL −1 ) studied by Zulueta et al. (2007) and Sepulveda et al. (2010) , respectively.
Results and discussions
Total phenolic content
During storage, the TPC values in all samples showed a tendency to increase from day 12, where the samples stored between 8 and 11°C showed higher polyphenols content than the initial values. Others authors have previously observed this phenomenon and reported a possible increment of polyphenolic compounds associated to the microbial growth or to reactions between oxidized polyphenols and formation of new compounds of antioxidant character during juice storage (Kallithraka et al., 2009; Martinez-Flores et al., 2015) . In addition, must be considered the possibility that during juice storage, some compounds could be formed and react with the Folin-Ciocalteu's reagent and significantly enhance the phenolic content. Usually, Folin-Ciocalteu's method is used for determination of the total phenolic content; however, this reagent is nonspecific, due to this method is affected by the presence of reducing sugars, aromatic amines, sulphur dioxide, ascorbic acid, organic acids and other natural compounds present in fruit juices, making the results often unstable. Finally, our findings suggest that submit the juice samples until 20 days of storage does not decreases the concentration of phenolic compounds, which is in agreement with the observation of Kevers et al. (2007) whom reported that the phenolic compounds of many fruits and vegetables remain stable during storage.
Total carotenoid content
The stability of carotenoid content during storage affects the quality of the product due to different reactions occurring during the storage such as isomerization and oxidation of carotenoids resulting in a loss of many organoleptic characteristics such as color, flavor, among others, and which are the most important attributes related to product quality affecting choice purchase (Baker and Günter, 2004) . Fig. 1 shows the change in total carotenoids content of the samples stored at different temperatures for a period of 20 days.
At the beginning of storage, the total carotenoid content for Vital Joy was 3.18 ± 0.11 βCE μg mL −1 , which is relatively similar to the results found by Stinco et al. (2013) and Abid et al. (2013) for juices formulated with orange and apple juice, respectively. Over the 20 days of storage, the total carotenoids showed a declining trend. A 25% decrease was observed for juices stored at 4, 8, and 11°C during the Article No~e00152 first 12 days. Rodriguez-Amaya (1997) mentioned that the cause of instability and consequent degradation of these compounds is due to the susceptibility to oxidation and geometric isomerization of its polyene chain. Oxidation is the main cause of carotenoid loss, which is a spontaneous free-radical chain reaction in the presence of oxygen, light, metals, enzymes and peroxides (Sánchez-Moreno et al., 2003) . In addition, in food industry the juice containers are filled with a small gap (headspace) that allow expansion of the food during processing (FAO, 2016) . It should be taken into account that there is oxygen present in the headspace of the bottle and it is incorporated into the juice while is manipulated. Without the correct handling of headspace, quality of juices can be change, and if the container is not properly closed, there will be more air and cause the compounds degradation or oxidation.
On the other hand, samples such as Vital Joy and Splash Blend reduced to 50% the initial values until 20 days of storage. According to Klaui and Bauernfeind (1981) , this limited degree of degradation may be due to the naturally presence of ascorbic acid in samples acting as protection of carotenoids from oxidation. Choi et al. [ ( F i g . _ 1 ) T D $ F I G ] water it was not possible to detect this vitamin under the assay conditions. However, other organic acids and micronutrients, not analyzed in this study, such as tartaric acid, potassium, calcium, phosphorus and other compounds has been reported with an increased presence for tamarind samples (Saideswara- Rao and Mathew, 2012) . In contrast, the higher value was recorded by Splash Blend under the following storage conditions: 4 days at 4°C. Similar values have been reported by Klimczak et al. (2007) in two orange juices stored for 2, 4, and 6 months at 18, 28 and 38°C were the mean values ranged from 408.570.9 to 361.571.8 AAE mg L −1
.
By day 8, all juice samples showed a gradual but steady decline in the content of ascorbic acid at all temperatures tested, being the samples stored at 4°C during the first 4 days which maintained the highest values of this compound.
Nevertheless, it is important to consider that the above findings and the fact that the content of ascorbic acid decreases during storage is a dependent factor on the varying conditions, such as temperature, oxygen and light access (Hotz and Gibson, 2007) .
Total antioxidant activity
The composition of fruits, and thus fruit juices, is very diverse, and their antioxidant activity depends on the amount and type of bioactive compounds that occur in them. Several studies reported a high correlation between phenolic content and antioxidant activity; however, other authors suggest that vitamin C is a powerful antioxidant in fruits and can contribute to the antioxidant potential of juices (Kuskoski et al., 2005; Reddy et al., 2010) . Therefore, the antioxidant activities in the analyzed fruits cannot be attributed solely to their phenolics contents, but also to the actions of different antioxidant compounds present in the fruits and their interactions.
During storage, a decrease or increase in activity assayed with DPPH&903; test was observed. These fluctuations are shown in Table 2 . The initial radical scavenging capacities of juices (first 4 days of storage) ranged from 356.65 ± 1.51 GAE μg mL-1 (Pomegranate juice) to 39.57 ± 3.57 GAE μg mL −1
(Lemonade with cucumber). Pomegranate juice has been previously shown to exhibit the highest antioxidant activity in clarified and cloudy juices, and juices manufactured from different cultivars (Zaouaya et al., 2012; Vegara et al., 2013) .
Likewise, Lemonade with cucumber sample recorded considerably higher antioxidant activity than those determined by Gironés-Vilaplana et al. (2012) . In their development of a new beverage, the lemon juice presented an antioxidant activity around 13.27 mg mL −1 GAE, which it is three times lower than the activity found in our study. This behavior may be attributed to the presence of cucumber. Mukherjee et al. (2013) reported high concentrations of ascorbic acid and presence of certain terpenes (cucurbitacins) that can be responsible for total antioxidant activity in cucumber extracts.
After the first 8 days in storage, Pomegranate juice showed an increase in total antioxidant activity. According to Pinelo et al. (2004) the increase in this activity may be explained by the strong tendency of polyphenols to undergo polymerization reactions, whereby the resulting oligomers possess larger areas available for charge delocalization. When the degree of polymerization exceeds a critical value, the increased molecular complexity and steric hindrance reduce the availability of hydroxyl groups in reaction with the DPPH radicals, which causes a resultant decrease in the antiradical capacity (Piljac-Zegarac et al., 2009 ), this may explain the observed increase in antiradical activity in Pomegranate juice.
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On the other hand, juice samples like Tamarind water, Vital Joy, Energy-T, and Splash Blend exhibited a significant decrease after de first 4 days of storage in all temperatures tested. Despite good levels of antioxidant activity detected in the assay described above, some authors reported that the observed decrease could occur due to the antioxidant antagonism, which is related to the presence of different bioactive compounds and their interactions, resulting in a decrease in antioxidant activity values (Ferreira-Zielinski et al., 2014) . These findings suggest that most of our studied juice samples should be treated as short shelf-life products and that they should be consumed within the first couple of days after opening.
Conclusion
The present study demonstrates the importance of storage conditions for the stability of phenolic compounds, ascorbic acid, total carotenoids and total antioxidant activity, and the consideration of this conditions as main quality factors in fruit juices. The results indicate promising perspectives for the exploitation of the fruits juices in the market, and which showed a considerable levels of antioxidants capacity. Natural antioxidants provide an effective alternative to the synthetic antioxidants traditionally used in the food industry. It is well known that antioxidants play a key role in maintaining the flavor and color integrity of food products, but natural antioxidants also help protect the nutritional quality of food. With several different naturally-sourced options available, these products can be useful for consumers, for planning rich antioxidant diets and to nutritionists in estimating the daily intakes of antioxidants and their impact on health.
Although the behavior observed in the content of these compounds and total antioxidant capacity of the analyzed samples is highly variable, it can be concluded that in general these compounds were stable and tended to increase (in some of the assays) during the first 12 days at temperatures of 4 to 8°C of storage. Some authors report that these conditions may be favorable for the conservation of antioxidants in functional beverages. Pomegranate Juice was the sample that provided the highest concentrations of total polyphenol content and total carotenoids, as well as the highest antioxidant activity in the three assays tested, while the maximum concentration of vitamin C was observed for Splash
Blend. This research highlights the need for further investigation in several areas. Firstly, it is important to consider the study of the influence of technological process, packing, matrixes, and the contribution of other antioxidant metabolites to total antioxidant capacity. Further to this, it is important that research aims to provide biologically relevant information on antioxidants by providing data concerning the bioaccessibility and bioavailability of antioxidants in a system.
